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Description

Area of Invention

[0001] The invention generally relates to the field of
floor panels with mechanical locking systems comprising
a separate displaceable tongue allowing easy installa-
tion. The invention provides new improved locking sys-
tems and methods to install and disconnect building pan-
els, especially floor panels and methods to produce the
locking system.

Background of the Invention

[0002] In particular, yet not restrictive manner, the in-
vention concerns a mechanical locking system for rec-
tangular floor panels with long and short edges. Such
floor panels are generally installed with an angling of long
edges. Short edges could be connected with angling, hor-
izontal snapping or insertion along the short edge. The
installation requires three actions since a displacement
in locked position is also required to lock all four edges.
[0003] It is also known from US 2003/0101681 A1 that
a locking system could be formed on the short edge with
a tongue and a groove comprising projections and inden-
tations such that the short edges could be moved hori-
zontally into contact and thereafter displaced along the
short edges and locked. The long edges are thereafter
locked with angling. This locking system and installation
method is based on the same principles as the known
insertion of the sort edges. The only advantage is that
the displacement of the short edges could be reduced
from about 0,1-0,2 m (the width of conventional floor pan-
els) to some centimetres and this small advantage is gen-
erally eliminated by the additional costs to form the pro-
jections and indentations with the type of machining that
is used in floor production. Such locking systems are not
used on the market.
[0004] It should be emphasized that long and short
edges are only used to simplify the description. The pan-
els could also be square, they could have more than 4
edges and the adjacent edges could have angles other
than 90 degrees. However, the invention is as well ap-
plicable to building panels in general. More particularly
the invention relates mainly to the type of mechanically
locking systems, which allow that angling of long edges
and vertical movement of short edges could lock all four
edges of a panel to other panels with a single action meth-
od generally referred to as vertical folding. The main prin-
ciples of the invention could however also be used in
other types of known mechanical locking systems as de-
scribed above and below.
[0005] A floor panel of this type (figure 1a) is presented
in WO2006/043893 (Applicant Välinge Innovation AB),
which discloses a floor panel with a locking system com-
prising a locking element cooperating with a locking
groove, for horizontal locking, and a flexible displaceable
tongue (30) cooperating with a tongue groove (20), for

locking in a vertical direction. The flexible tongue as
shown in figure 1b, bends in the horizontal plane and
snaps into the tongue groove during connection of the
floor panels and makes it possible to install the panels
by a vertical "snap" folding or solely by a vertical move-
ment. Similar floor panels are further described in
WO2003/016654, which discloses locking system com-
prising a tongue with a flexible tab. The tongue is extend-
ing and bending essentially in a vertical direction and the
tip of the tab cooperates with a tongue groove for vertical
locking.
[0006] Vertical locking and vertical folding of this type
creates a separation pressure at the short edges when
the flexible tongue or flexible parts of the tongue are dis-
placed horizontally in a double action during the angling
of the long edges. Parts of the tongue are displaced in-
wardly during the initial part of the locking and they are
thereafter displaced towards the initial position during the
final part of the locking action. The inventor has analysed
several types of floor panels and discovered that there
is a considerable risk that the short edges could be
pushed away from each other during installation and that
a gap could occur between the edge portions of the short
edges. Such a gap could prevent further installation and
the floor panels will not be possible to connect. It could
also cause serious damage to the locking system at the
short edges. Pushing the floorboards sideways towards
the short edges during installation could prevent the gap.
Such an installation method is however complicated and
difficult to use since three actions have to be combined
and used simultaneously in connection with angling down
of the long edges.
[0007] It is also known, as shown in figure 1c that two
adjacent short edges in a first row could be locked with
a displaceable tongue (30) which is displaced and for
example bended, as shown in figure Id, by a side push
at one edge section (32) when the adjacent short edges
have been folded down and positioned in the same plane.
Such an installation is described in DE
1020060376114B3 and a pre published PCT application
made by Välinge innovation AB. This vertical " (side)
push" folding, which generally is activated by a pressure
from a long side of a third panel in a second row, displaces
the separate tongue along the short edge joint but also
perpendicular to the joint direction such that a part of the
tongue is displaced into a groove of the adjacent short
edge. This displacement perpendicular to the joint direc-
tion avoids the separation forces during the vertical fold-
ing but creates a separation force when the panels are
laying flat on the sub floor and when the tongue is pressed
into the tongue groove of the adjacent panel. Most vertical
push folding systems, especially such systems that com-
prise a flexible tongue that bends in the length direction
of the joint, are difficult to lock when the first and the last
rows are installed.
[0008] Figures 2a, 2b, 2c, 3a and 3b shows examples
of cross sections of known flexible tongues 30, which
could be used to lock short edges according to known
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vertical snap folding technology. Figure 2a shows a sep-
arate tongue 30 with a flexible snap tab extending down-
wards. Figure 2b shows a separate tongue with a flexible
snap tab inside a displacement groove. Figure 2c shows
a flexible tongue 30 that bends horizontally during locking
according to figures 1a and 1b. Figure 3a show an em-
bodiment of the flexible tongue, which locks with a com-
bined turning and snapping action. Such a locking system
could be locked without any separation forces. It is how-
ever difficult to produce and creates considerable resist-
ance during locking. Figure 3b shows a flexible tongue
that is connected with pre tension into a groove and that
snaps out into a tongue groove when the pre tension is
released. Figure 3c shows a flexible tongue according to
figures 1c and 1d that is displaced with a side pressure
from one groove into an adjacent tongue groove.
[0009] Vertical folding according to known technology
requires, as shown above, that some parts of the locking
system, generally some parts of a separate tongue, are
bended or compressed when the edges are locked. This
could be avoided with wedge shaped separate tongues
using the side push technology. Such wedge shape
tongues consist generally of two parts or they are con-
nected to grooves, which are not parallel with the edge.
This leads to the fact that expensive materials or com-
plicated production methods must be used.
[0010] All these known embodiments will create a sep-
aration pressure or locking resistance during installation
with vertical folding. This could cause the short edges to
separate such that the locking system will be damaged
or such that the panels will be difficult to install. Locking
strength, locking quality and production costs are in some
of the known vertical locking systems not competitive with
traditional mechanical locking systems installed with
combinations of angling and horizontal snapping
[0011] Locking systems using the vertical folding in-
stallation method could capture a considerable larger
market share if separation and resistance problems could
be eliminated and if production costs and locking quality
could be improved.
[0012] A major objective of the invention is to provide
solutions that avoid such separation and resistance prob-
lems during locking as much as possible and where pref-
erably non-flexible materials or tongues consisting of one
separate part only could be used.
[0013] Several of the above described known locking
principles and installation methods could be used in the
described embodiments of the invention and the basic
principles of the invention related to specific parts of the
locking systems, installation and production methods are
also possible to use in the known prior art locking sys-
tems.

Definition of Some Terms

[0014] In the following text, the visible surface of the
installed floor panel is called "front face", while the oppo-
site side of the floor panel, facing the sub floor, is called

"rear face". The edge between the front and rear face is
called "joint edge". If not defined otherwise upper and
lower means towards the front face and towards the rear
face. Inner and outer means towards or away from the
centre of the panel. By "horizontal plane" is meant a
plane, which extends parallel to the outer part of the sur-
face layer. Immediately juxtaposed upper parts of two
adjacent joint edges of two joined floor panels together
define a "vertical plane" perpendicular to the horizontal
plane. By "horizontally" is meant parallel with the hori-
zontal plane and by "Vertically" parallel to the vertical
plane.
[0015] By "joint" or "locking system" are meant co act-
ing connecting means, which connect the floor panels
vertically and/or horizontally. By "mechanical locking sys-
tem" is meant that joining can take place without glue.
Mechanical locking systems can in many cases also be
combined with gluing. By "integrated with" means formed
in one piece with the panel or factory connected to the
panel. By "separate" parts, components element and
similar is meant that they are produced separately and
not in one piece with the core or the main body of the
panel. Separate parts are generally factory connected
and integrated with the panel but they could be supplied
as lose parts, which are intended to be used during in-
stallation of panels.
[0016] By a "separate tongue" is meant a tongue,
which is made of a separate material, connected to one
edges of a panel, which has a length direction along the
joint edges and is forming a part of the vertical locking
system.
[0017] By a "displaceable tongue" is meant any type
of a tongue which connects adjacent edges vertically and
which is made of a separate material and connected to
a floor panel and which is wholly or partly displaceable
between an unlocked position and a locked position. A
displaceable tongue could be flexible or rigid
[0018] By "tongue" is generally meant a part in an edge
section that extends beyond the upper edge and coop-
erates with a groove in an adjacent edge such that the
edges are locked vertically. A tongue is generally made
in one piece with the panel.
[0019] By "angling" is meant a connection that occurs
by a turning motion, during which an angular change oc-
curs between two parts that are being connected, or dis-
connected. When angling relates to connection of two
floor panels, the angular motion takes place with the up-
per parts of joint edges at least partly being in contact
with each other, during at least part of the motion.
[0020] By an "angling locking system" is meant a me-
chanical locking system which could be connected ver-
tically and horizontally with angling comprising a tongue
and a groove that locks two adjacent edges in a vertical
direction and a locking strip with a locking element in one
edge of a panel called "strip panel" that cooperates with
a locking groove on another edge of a panel called
"groove panel" and locks the edges in a horizontal direc-
tion. The locking element and the locking groove have
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generally rounded guiding surfaces that guide the locking
element into the locking groove and locking surfaces that
locks and prevents horizontal separation between the
edges.
[0021] By "vertical locking" is meant a locking that take
place when two edges are displaced essentially vertically
against each other.
[0022] By "vertical folding" is meant installation of pan-
els with angling of long edges where this long edge an-
gling also is used to connect the short edges horizontally
and/or vertically. By "vertical snap folding" is meant an
installation where the short edges are locked vertically
with snapping of a flexible tongue during the final stage
of the long edge angling. Such a locking system is not a
pure combination of for example an angling locking sys-
tem on a long edges and a vertical locking system on
short edges since the vertical and the angling actions are
combined and the short edges are folded together in the
same way as scissors. The locking takes place gradually
from one edge section adjacent to one long edge, which
is angled, to the other edge section adjacent to the other
opposite long edge. By "vertical push folding" is meant
an installation where the short edges of two panels are
locked when they are laying flat on a sub floor after the
angling. The vertical locking is obtained by a side push
that displaces a separate tongue in the length direction
of the short edges. The horizontal locking is in conven-
tional fold down systems obtained in the same way as
for the angling systems with a locking element in one
edge of a strip panel that cooperates with a locking
groove on another edge of a groove panel.

Summary of the Invention

[0023] The present invention aims at a set of building
panels, especially floor panels or a floating flooring with
a mechanical locking system on the short edge which is
configured to improve installation of floor panel installed
with vertical folding and which will counteract or prevent
separation of the short edges during installation. The aim
of the invention is also to improve installation, strength,
quality and production costs of such and similar locking
systems. A particular objective is to provide locking sys-
tems that could be used to lock thin floorboards, for ex-
ample with a thickness of 5-10 mm.
[0024] The invention mainly relates to floor panels pro-
vided with a locking system comprising a tongue and a
tongue groove in adjacent edges. The tongue and the
tongue groove comprise protrusions and cavities config-
ured such that the adjacent edges can be connected ver-
tically to a vertically unlocked position where the protru-
sions match the cavities. The tongue and the tongue
groove can be displaced in relation to each other and
along the adjacent edges such that some of the protru-
sions overlap each other whereby the adjacent edges
are locked vertically.
[0025] Such a locking system eliminates essentially all
vertical snapping resistance and all separation forces be-

tween the adjacent edges during the vertical locking. The
only pressure force that is needed in order to displace
and lock the adjacent edges vertically is a force in one
direction only along the edges when the panels are laying
flat on a sub floor with their adjacent top edges in contact.
All known locking systems, which are possible to lock
vertically with a vertical motion, create a snapping resist-
ance during the vertical movement or a separation pres-
sure force perpendicular to the edges when a tongue is
pressed along a joint and perpendicular to a joint from
one edge into an adjacent edge.
[0026] The invention provides for new embodiments
of locking systems preferably at short edges but also at
long edges according to different aspects offering re-
spective advantages. Useful areas for the invention are
wall panels, ceilings, exterior applications and floor pan-
els of any shape and material e.g. laminate; especially
panels with surface materials contain thermosetting res-
ins, wood, HDF, veneer or stone.
[0027] The invention comprises according to a first as-
pect a set of floor panels provided with a locking system
comprising a tongue at an edge of a first floor panel and
a tongue groove in an adjacent edge of a similar second
floor panel for connecting the edge vertically. The tongue
and the tongue groove are displaceable in relation to
each other. The tongue comprises a protrusion extending
horizontally beyond the upper part of the edge and the
tongue groove a protrusion and cavity configured such
that the adjacent edges can obtain a vertically unlocked
position where the protrusion of the tongue matches the
cavity of the tongue groove and a vertically locked posi-
tion where the protrusion of said tongue vertically over-
laps the protrusion of said tongue groove.
[0028] The locking system could be formed with only
one protrusion on the tongue and the tongue groove and
one cavity on the tongue groove. It is however preferable
that the tongue and the tongue groove comprise several
protrusions and cavities which are preferably formed
along the joint edge with essentially the same interme-
diate distance between each other. The protrusions
should preferably be essentially identical. The cavities
should preferably also be essentially identical. They
should be larger than the protrusions and match the in-
termediate distance of the protrusions.
[0029] The invention comprises according to a first pre-
ferred embodiment of the first aspect a set of floor panels
comprising a locking system with a displaceable tongue
integrated with an edge of a first floor panel for connecting
the edge vertically to an adjacent edge of a similar second
panel having a groove for receiving the displaceable
tongue. The displaceable tongue is configured to be dis-
placed essentially horizontally along the joint edges when
a sideway pressure is applied at an edge section of the
displaceable tongue. The displaceable tongue and the
groove each comprise a protrusion and a cavity such that
a protrusion matches a cavity in the initial unlocked po-
sition and that said protrusions overlap each other verti-
cally when the displaceable tongue is displaced by the
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sideway pressure along the joint.
[0030] The displacement of the displaceable tongue
along the joint is according to a second preferred em-
bodiment of this first aspect the invention caused by for
example a long edge of a third panel which is angled and
connected to the first and second panels when they are
located in essentially the same plane and with their short
edges in contact. This preferred embodiment allows that
two panels in the same row are unlocked vertically until
a third panel in a consecutive row is connected. Angling
down and up again could be made in a simple way ac-
cording to known technology since there is no tongue
that creates any resistance and that locks vertically. The
vertical locking is initiated first when a new row of panels
are installed. The displaceable tongue is than displaced
along the joint and preferably parallel with the edges. The
pressure force is along the joint only and no separation
forces that push the adjacent edges away from each oth-
er will occur. This is a major advantage against all known
fold down systems that have a vertical locking. The over-
lapping of the protrusions could take place even in the
firs row since no counter pressure from an previously
installed panel is require to for example bend a displace-
able tongue.
[0031] The displaceable tongue and all separate parts
described below could be made of flexible or rigid mate-
rial, for example metal, preferably aluminium sections or
aluminium sheet material, wood, fibreboard such as for
example HDF or plastic materials. All materials used in
flexible tongues according to known technology could be
used and the tongue could be produced by extrusion,
injection mouldings, machining and punching or by com-
binations of these production methods. Any type of pol-
ymer materials could be used such as PA (nylon), POM,
PC, PP, PET or PE or similar having the properties de-
scribed above in the different embodiments. These plas-
tic materials could, when for example injection moulding
is used, be reinforced with for instance glass fibre, Kevlar
fibre, carbon fibre or talk or chalk. A preferred material
is glass fibre, preferably extra long, reinforced PP or
POM.
[0032] The protrusions could be made in one piece with
the panel or of a separate material that is connected to
the strip or the groove panel. The displaceable tongue
could be connected to the edge of strip panel or of the
groove panel.
[0033] The above-mentioned aspects have been de-
scribed with panels having long and short edges. The
panels could have more than four edges and they could
be square.
[0034] The displacement of a protrusion with a dis-
placeable tongue could alternatively be accomplished
with a displacement of the adjacent short edges.
[0035] A third preferred embodiment of the first aspect
is characterized in that the tongue and the groove com-
prise protrusions and cavities such that a protrusion
matches a cavity in an initial vertically unlocked position
when the long edges of the panels are offset against each

and that the protrusions overlap each other vertically
when the short edges are displaced along the joint to a
position where the long edges meet each other and are
located essentially along the same straight line.
[0036] According to another preferred embodiment of
this first aspect the displacement groove and the tongue
groove are offset vertically relative each other. Such off-
set grooves could give a much stronger vertical locking
especially in thin panels. Vertically offset grooves are not
used in the known locking systems where a displaceable
tongue is displaced perpendicularly to the edge from one
groove into the adjacent groove or where a vertical snap-
ping is used. Offset grooves could be used to improve
locking strength even in the known prior art systems de-
scribed above.
[0037] The protrusions and cavities could be made in
one piece with the panel on one or both adjacent edges
or of a separate material that is connected the one or
both adjacent edges and they could be formed on long
and/or short edges. The protrusions and cavities of a
separate material could be made of flexible or rigid ma-
terial, for example metal, wood, HDF or plastic. All ma-
terials used to make the displaceable tongue, as de-
scribed above, could be used and the protrusions and
cavities could be produced by extrusions, injection
mouldings and machining.
[0038] A separate part comprising preferably at least
one protrusion and one cavity, for example a displacea-
ble tongue for vertical locking or a displaceable locking
element for horizontal locking or a combined element that
allows vertical and horizontal locking, could be used in
combination with horizontal and/or vertical grooves com-
prising at least one protrusion and cavity, to accomplish
a vertical and/or horizontal locking with only a displace-
ment of the separate part along the joint. No bending or
displacement from one groove into another groove is re-
quired and the outer protrusions of the separate part
could be located at the same distance from the edge
during displacement along the joint and during locking.
Horizontal and/or vertical separation forces could be re-
duced or eliminated and the separate part could be
formed as a rather simple component.
[0039] The invention provides according to a second
aspect a set of floor panels provided with a locking system
comprising a separate part in one edge of a first floor
panel and a groove in an adjacent edge of a similar sec-
ond floor panel for connecting the edges vertically and/or
horizontally. The separate part is displaceable along the
adjacent edges, which are configured to be locked ver-
tically and/or horizontally by only a displacement of the
separate part along and parallel to the adjacent edges.
[0040] The locking system according to the third pre-
ferred embodiment of the first aspect allows that the short
edges could be locked with a vertical motion combined
with a displacement of the short edges along the joint.
This could be used to install floor panels according to a
new method which in easier than the conventional an-
gling/angling or angling/snap methods, especially when
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installing long panels.
[0041] The invention provides according to a third as-
pect a method to install floor panels with a mechanical
angling locking system at long edges and a mechanical
locking system at short edges comprising a tongue and
a tongue groove each provided with protrusions and cav-
ities wherein the method comprises the step of:

• Bringing a new and a second panel into a position
were upper parts of their short edges are in contact,
in which position the new and a second panels are
in the same plane and in a second row with the long
edges offset and with the short edges unlocked ver-
tically and preferably locked horizontally.

• Displacing one of the panels along the short edges
until the long edges are aligned and some of the
protrusions at one of the short edges vertically over-
laps some of the protrusions at the other of the short
edges to lock the short edges vertically and horizon-
tally.

• Bringing the aligned long edges into contact with a
long edge of a first panel in a first row

• Angling down the second and the new panel along
the aligned long edges to lock the long edges of the
first, the second and new panel vertically and hori-
zontally.

[0042] This third aspect offers the advantage that the
short edge of the new panel could be connected in a very
simple way with vertical motion and displacement along
the joint and no angling or snapping is required.
[0043] The short edges could be connected when they
are laying flat on the sub floor or when they are in an
angled position relative the first panel with preferably the
upper parts of the long edges of the first and second
panels in contact.
[0044] Floor panels with a locking system comprising
a displaceable tongue or locking element according to
the first and second aspects are preferably installed with
vertical push folding where the displaceable tongue or
part is pushed into position along the joint of the short
edges when the panels are laying flat on the sub floor
with their short edges aligned in essentially the same
plane.
[0045] The invention provides according to a fourth as-
pect a method to install floor panels with a mechanical
angling locking system at long edges and a mechanical
locking system at short edges comprising a tongue
groove and a displaceable tongue whereby the said dis-
placeable tongue and tongue groove each comprises
protrusions and cavities configured such that adjacent
short edges can obtain a vertically unlocked position
where the protrusions of one of the adjacent short edges
match the cavities of the other adjacent short edge and
a vertically locked position where some of the protrusions

of respectively adjacent short edges vertically overlap
each other wherein the method comprises the step of:

• connecting the long edges of a second and a new
panel in a second row to a long edge of a first panel
in a first row with angling and positioning the second
and the new panel in essentially the same plane and
with their adjacent short edges in contact,

• displacing the displaceable tongue along the adja-
cent short edges to a position where some of the
protrusions, of respectively adjacent short edge,
overlap each other to lock the adjacent short edges
vertically.

[0046] Protrusions and cavities on long edges could
be used to improve installation of panels that for example
are difficult or impossible to lock with angling. Such in-
stallation problems could occur for example around doors
or in panels with two different decorative layers on front
and rear faces which are intended to be used as a double
side panel where the end consumer could be given the
option to install the panels with the front side or the rear
side as a decorative floor surface.
[0047] The invention comprises according to a fifth as-
pect a method to install floor panels with a mechanical
locking system at long edges comprising protrusions and
cavities and a mechanical locking system at short edges
comprising a displaceable locking element allowing hor-
izontal snapping of short edges whereby said long edges
can obtain a vertically and/or horizontally unlocked posi-
tion where the protrusions of one long edge match the
cavities in another adjacent long edge and a vertically
and/or horizontally locked position where some of the
protrusions, of respective long edge, overlap each other
vertically and/or horizontally wherein the method com-
prises the step of:

• locking, at least partially vertically and horizontally,
the long edge of a first panel in a first row to a long
edge of a second panel in a second row,

• connecting the long edge of a new panel in the sec-
ond row to the first panel in the first row by bringing
the upper parts of the adjacent long edges in contact
and displacing the new panel along the long edge of
the first panel to a position where some of the pro-
trusions of the new and the first panel overlap each
other and until a short edge of the new panel snaps
into an adjacent short edge of the second panel.

[0048] The long edges of the new and the first panel
could be locked vertically and horizontally by a vertical
or horizontal motion followed by a displacement along
the long edge joint. Such locking could be made without
any vertical or horizontal snapping. The snapping of the
short edges could be made with low snapping resistance
if a mechanical snapping system with a displaceable
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locking element is used. Conventional one-piece snap
systems could of course also be used.
[0049] The short edges comprising a displaceable
tongue could be disconnected with a hooked shaped tool,
which could be inserted from the corner section in order
to pull back the displaceable tongue. One panel could
than be angled up while the other panel is still on the sub
floor. Of course the panels could also be disconnected
in the traditional way by angling up or displacement along
the joint.
[0050] The short edges could also be disconnected if
the displaceable tongue is formed such that it could be
pushed further along the joint to an unlocked position.
[0051] The invention comprises according to a sixth
aspect a method of uninstalling floor panels with long and
short edges provided with a locking system on the short
edges comprising a displaceable tongue at one edge of
a first floor panel and a tongue groove in an adjacent
edge of a similar second floor panel for connecting the
short edges vertically. The tongue and the groove each
comprises protrusions and cavities configured such that
the short edges can obtain a vertically unlocked position
where the protrusions of on of the adjacent short edges
match the cavities in the other of the adjacent short edges
and a vertically locked position where some of the pro-
trusions, of respectively adjacent short edges, overlap
each other vertically, wherein the method comprises the
steps of:

• applying a pressure force at an edge of the displace-
able tongue in vertically locked position,

• displacing the displaceable tongue to the vertically
unlocked position,

• separating the short edges from each other by an-
gling upward one of the panels along its long edge.

[0052] This sixth aspect offers the advantage that the
short edge of the new panel could be unlocked in a very
simple way and it is not necessary to grab an edge of the
tongue in order to pull it out. The displaceable tongue
could be designed such that it is always in an unlocked
position when an edge meets the long edge of an installed
panel in an adjacent previously installed row. The method
could be used to unlock panels comprising a displaceable
tongue that locks and unlocks edges vertically and/or hor-
izontally.
[0053] The invention comprises according to a seventh
aspect a method to produce protrusions and cavities lo-
cated after each other along an edge of a floor panel with
a rotating tool having an axis of rotation. The method
comprises the step of:

a) Bringing an edge of the floor panel in contact with
the tool.

b) Displacing the edge of the panel in relation to the

tool essentially parallel with the axis of rotation.

[0054] This production method makes it possible to
produce protrusions and cavities in a very rational way
and with high precision. A short edge of panel could for
example be moved in the traditional way in the production
line and there is no need to stop the panel or to move a
tool in order to form the protrusions and cavities.
[0055] Several tool configurations could be used such
as a screw cutter or a large rotating tool with cutting
teethes located on only a limited section of the outer tool
part.
[0056] A displaceable tongue, which is suitable to use
in thin floor panels or to lock panel edges both vertically
and horizontally, is generally more difficult to fix to a dis-
placement groove than a conventional tongue where the
tongue is inserted perpendicularly to the joint and a fric-
tion connection is used. Conventional flexible or displace-
able tongues are generally also inserted into a displace-
ment groove, which is located in a plane extending over
the upper part of a locking element of a strip. Such con-
ventional locking systems and methods to fix a displace-
able tongue to a groove are not suitable for the type of
panels described above.
[0057] To solve this problem, the invention comprises
according to a seventh aspect a method to connect a
displaceable tongue to a displacement groove. The
method comprises the steps of

1. Separating a displaceable tongue from a tongue
blank that comprises several displaceable tongues.

2. Connecting the displaceable tongue into a dis-
placement groove of a panel edge by inserting the
tongue sideways along the joint

[0058] The cost structure and production capacity and
flexibility to produce and fix a preferably displaceable
tongue to an edge of a panel could be improved consid-
erably if tongues could be provided in tongue blanks that
comprises multiple rows of tongues. Such a tongue blank
could be used in the described embodiments but also in
known locking systems for example in systems described
in figures 1 - 3. The invention comprises according to a
ninth aspect a tongue blank comprising several displace-
able tongues arranged in several rows with at least two
tongues in each row.
[0059] Locking of thin floorings could be improved if
the displaceable tongue has at least a portion, preferably
a middle portion, with upper and lower contact surfaces
that lock into an adjacent groove. Such a tongue could
be used in the described embodiments but also in known
locking systems for example in systems described in fig-
ures 1a and 2c
[0060] The invention comprises according to a tenth
aspect a tongue adapted for being received in a side-
wardly open groove of a floor panel wherein the tongue
is of an elongated shape, and configured such that it,
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when received in the groove, is displaceable in a plane
substantially parallel with a main plane of the floor panel
and wherein the tongue has a bevelled or rounded edge
part and a middle section with upper and lower contact
surfaces that are adapted to lock into an adjacent groove
and prevent vertical displacement of the adjacent edges.
[0061] Locking systems that comprise a displaceable
tongue or locking element that is displaced along the joint
with a side push applied at a edge of the displaceable
tongue by for example a long side tongue of a panel in
a new row, according to the described embodiments or
the known locking systems described in figures 1c and
3c, create an upward pressure force during angling of
the long side tongue that could lift the corner section at
the edge of the displaceable tongue in an uncontrolled
way. This could be avoided if the edge and preferably
also the tip of the long side tongue are adapted to reduce
vertical friction forces that are created during angling.
[0062] The invention comprises according to an elev-
enth aspect a tongue adapted for being received in a
sidewardly open groove of a floor panel wherein that
tongue is of an elongated shape, and configured such
that it, when received in the groove, is displaceable along
the joint when a side pressure is applied on an edge part
of said tongue and wherein the edge part has an essen-
tially bevelled edge that is intended to reduce vertical
friction during locking.
[0063] The invention comprises according to a twelfth
aspect an equipment to produce a locking system com-
prising a separate part inserted into an edge of a panel.
The equipment comprises a double-end tenoner with
several cutting tools, an inserting device with a pusher
adapted to inserts the separate part into the panel edge,
a transportation device adapted to displace a panel rel-
ative the cutting tools and the inserting device, and a
control system. The inserting device is integrated with
the double end tenoner as one production unit and the
pusher and the transportation device are connected to
the same control system that controls the transportation
device and the pusher.
[0064] All references to "a/an/the [element, device,
component, means, step, etc]" are to be interpreted
openly as referring to at least one instance of said ele-
ment, device, component, means, step, etc., unless ex-
plicitly stated otherwise.
[0065] Almost all embodiments are described with sep-
arate tongues on the strip panel comprising the locking
strip and the locking element that locks the adjacent edg-
es horizontally, mainly in order to simplify the description.
The separate tongue could be located in the edge of the
groove panel comprising the locking groove that coop-
erates with the locking element.

Brief Description of the Drawings

[0066]

Figs 1a-d illustrate prior art locking system

Figs 2a-c show embodiments of prior art locking sys-
tems.

Figs 3a-c show embodiments of prior art locking sys-
tems.

Figs 4a-c show a locking system according to a basic
embodiment of the invention.

Figs 5a-c show locking with side push of a displace-
able tongue.

Fig 6 a-h show in several steps locking of short edg-
es.

Fig 7a-d show locking of four panels according to
one aspect of the invention

Fig 8a-f show cross sections of panels during instal-
lation.

Fig 9a-d show locking systems formed in one piece
with the panel.

Fig 10a-c show installation of panels with a one piece
locking system combined with a displace-
ment of panels during locking.

Fig 11a-c show an alternative installation method
based on connection in angled position.

Fig 12e-f show a locking system on long edges made
in one piece with the panel

Fig 13a-f show a method to lock panels with displace-
ment of long edges and snapping of short
edges.

Fig 14a-e show locking of several panels comprising
protrusions on long edges.

Fig 15a-e show how panels with protrusions on long
and short edges could be locked.

Fig 16a-c show a one piece locking system, which
could be connected with a vertical and/or
horizontal displacement.

Fig 17a-e show a method to produce protrusions ac-
cording to a cutter principle.

Fig 18a-e show a method to produce protrusions with
a sawblade principle.

Fig 19a-e show a method to produce protrusions ac-
cording to a screw cutter principle.

Fig 20a-d show an example of a screw cutter tool.
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Fig 21a-c show how protrusions could be formed in a
wood flooring and forming of protrusions
with a specially designed saw blade.

Fig 22a-f show an equipment to connect a separate
part to a panel edge.

Fig 23a-e show a method to connect a separate part
to an edge by insertion along the joint and
a tong blank comprising several tongues.

Fig 24a-c show embodiments of locking systems.

Fig 25a-d show embodiments of displaceable
tongues.

Fig 26a-e show wedge formed tongue protrusions
and locking systems with vertically extend-
ing snapping hooks.

Fig 27a-f show embodiments of locking systems with
vertically offset grooves.

Fig 28a-e show embodiments where the side push is
replaced by a snapping along the joint.

Fig 29a-e show embodiments where the side push is
replaced by a turning action.

Fig 30a-d show embodiments of a displaceable
tongue, which locks the adjacent edges ver-
tically (D1) and horizontally (D2).

Fig 31a-e show embodiments of a displaceable
tongue, which locks the adjacent edges ver-
tically and horizontally.

Fig 32a-d show embodiments of a displaceable
tongue, which locks the adjacent edges ver-
tically and horizontally.

Fig 33a-c show embodiments where a displaceable
tongue locks in a groove on an outer part
of a locking strip.

Fig 34a-d show a production method to form undercut
grooves.

Fig 35a-c show alternative production methods to
form undercut grooves.

Fig 36a-d show a method to connect a separate part
into an edge with insertion along the joint

Fig 37a-c show connection of a separate part.

Fig 38a-c show connection of locking systems com-
prising a separate flexible part.

Fig 39a-d show connection of a separate part with
vertical feeding of tongue blanks.

Fig 40a-d show connection of a separate part with
turning.

Fig 41a-e show alternative methods to connect a sep-
arate part into an edge.

Fig 42a-b show how a displaceable tongue could be
formed by punching.

Fig 43a-g show how principles of the invention could
be used in prior art locking systems.

Fig 44a-d show how an edge part of a displaceable
tongue could be formed in order to reduce
friction during locking.

Fig 45a-d show an embodiment with a flexible edge
section.

Fig 46a-b show an embodiment with a cavity formed
in a locking strip, which could be used to
displace a tongue into an adjacent groove.

Fig 47a-c show how cavities could be used to improve
prior art locking systems.

Fig 48a-h show several embodiments of flexible and
displaceable tongues.

Fig 49a-b show a method to connect separate parts
to an edge with two pushers.

Fig 50a-g show an embodiment with displaceable
parts that are displaced to a correct position
automatically during locking.

Fig 51a-e show unlocking of a locking system with a
displaceable tongue and locking with a dis-
placeable tongue comprising only one pro-
trusion.

Description of Embodiments of the Invention

[0067] Figure 4a shows one embodiment of panels
with a vertical push folding locking system according to
the invention. The short edges 4a and 4b comprise a
displaceable tongue 30 connected to a displacement
groove 40 in one edge cooperating with a tongue groove
20 in an adjacent edge for vertical locking of the edges.
The displaceable tongue 30 and the tongue groove 20
comprise protrusions 31a, 31b and cavities 33a, 33b. The
protrusions 31a on the displaceable tongue extend hor-
izontally beyond the vertical plane VP and the upper part
of the edge. The short edges comprises furthermore a
locking strip 6 with a locking element 8 in one edge that
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cooperates with a locking groove in an adjacent edge for
horizontal locking of the edges. The panels are installed
as follows. A first panel 1" in a first row R1 is connected
to a second 1 panel in a second row R2. A new panel 1’
is moved with its long edge 5a towards the long edge 5b
of first panel 1" at a normal installation angle of about
25-30 degrees, pressed to the adjacent edge and con-
nected with its long edge 5a to the long edge 5b of the
first panel with angling. This angling action also connects
the short edge 4b of the new pane 1’ with the short edge
4a of the second panel 1. The fold panel 1’ could be
locked horizontally to the strip panel 1 with a combined
vertical and turning motion along the vertical plane VP
and with a contact between the top edges of the second
panel 1 and the new panel 1. The upper tongue protru-
sions 31a will during angling pass trough the cavities 33b
on the tongue groove 20. The edges 4a, 4b are in this
stage not locked vertically and could be angled up again.
The displaceable tongue 30 has an edge section with a
pressing edge 32 exposed at the long edge 5b of a sec-
ond panel 1. The pressing edge could be pushed side-
ways along the short edge 4a joint when the new 1’ and
the second panel 1 are laying flat on the sub floor. The
displaceable tongue 30 could be displaced essentially
parallel to the short edge 4a such that the upper tongue
protrusions 31a overlap the lower tongue groove protru-
sions 31b and this overlapping locks the adjacent short
edges 4a, 4b vertically. The pressure forces are parallel
to the joint and the risk for edge separation during locking
is eliminated. The whole pressing force could be used to
lock the panels in the same plane even if the edges are
somewhat warped before installation. The locking sys-
tem is especially suitable to lock wood flooring with sharp
edges (without bevels).
[0068] The protrusions and cavities could be formed
in several ways. A saw blade principle could be used
where preferably several saw blades form the protrusions
and cavities. A cutter principle could also be used where
several cutters, one for each cavity, are used. A very
efficient method is the screw cutter principle. Protrusions
and cavities could be produced in a very cost efficient
way in a continuous production line and with high accu-
racy especially if the panel position is synchronized ac-
curately with the tool position and the tool rotation speed.
A large rotating tool with cutting teethes located on only
a limited section of the outer tool part could also be used
to form the cavities and protrusions. Other methods are
laser cutting or punching. All methods could be used sep-
arately or in combinations
[0069] Figure 4b shows the displaceable tongue 30 in
an unlocked position seen from above. The tongue pro-
trusions 31a are located vertically over the groove cavi-
ties 33b. Figure 4c shows the locked position when a
sideway pressure P has displaced the displaceable
tongue 30 such that the tongue and groove protrusions
31a, 31b overlap each other.
[0070] The locking system could be formed with only
one protrusion 31a on the tongue and the tongue groove

31b and one cavity 33b on the tongue groove. It is how-
ever preferable that the tongue and the tongue groove
comprise several protrusions and cavities which are pref-
erably formed along the joint edge with essentially the
same intermediate distance between each other. The
protrusions should preferably be essentially identical.
The cavities should preferably also be essentially iden-
tical. They should be larger than the protrusions and
match the intermediate distance of the protrusions.
[0071] Figure 5a shows a cross section of a locking
system according to the invention. The displacement
groove 40 could be made much smaller than in the prior
art systems since no perpendicular displacement is re-
quired. Sufficient locking strength could for example be
reached with a displacement groove that has a groove
depth GD of about 0,5 times the floor thickness FT or
even smaller and a tongue groove that has a groove
depth GD’ of about 0,4 times the floor thickness FT or
smaller. As a non-limiting example it could be mentioned
that the tongue width TW preferably could be about 5-6
mm. This means that the width of the tongue could be
smaller than the floor thickness. The thickness of the
tongue TT could be about 0,2 times the floor thickens or
even smaller. As a non-limiting example it could be men-
tioned that the tongue thickness preferably could be
about 1,5 mm. This makes the locking system very suit-
able to lock thin floor panels with a thickness of 5-10 mm
vertically (D1) and horizontally (D2). A strong locking has
been obtained with displaceable tongues that have a
width, which is smaller than 5 mm and a thickness smaller
than 1 mm. Embodiments have also been produced with
a displacement groove and a tongue groove which each
have a depth of less than 2 mm.
[0072] Figure 5b shows the displaceable tongue 30 in
an unlocked position seen from above. The tongue pro-
trusions 31a are in such unlocked position located verti-
cally over the groove cavities 33b. The majority of the
protrusions are in this embodiment preferably identical
and the intermediate distance 34 measured from centre
to centre is essentially the same. A preferable distance
is about one to two times the floor thickness. Strong lock-
ing has been reached with protrusions having an inter-
mediate distance of about 10 mm. Figure 5c shows the
locked position when a sideway pressure P, preferably
applied on a protruding edge section 32 of the displace-
able tongue 32, has displaced the displaceable tongue
30 along the joint such that the tongue and groove pro-
trusions 31a, 31b overlap each other. The displacement
should preferably be about the same as the length of the
protrusion 35. Strong locking has been reached with pro-
trusions having a length of about 4 mm. The displaceable
tongue 30 could preferably be connected to the displace-
ment groove 40 in many ways for example with preferably
a flexible friction connection 36, with wax or just with fric-
tion between the tongue and the groove. The friction con-
nection 36 is in the shown embodiment formed as a flex-
ible tap that creates a vertical pressure against the upper
or lower part of the displacement groove 40. Such a fric-
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tion connection gives the advantages that the displace-
able tongue 30 is fixed into the displacement groove 40
in a reliable way, even if the groove opening varies during
production. Such friction connection allows that the dis-
placement could be accomplished with a pre determined
friction force.
[0073] Figure 6a-6h show in four steps locking of a
section of the short edges according to the invention. A
short edge of a new panel 1’ is in this embodiment moved
vertically towards the second panel 1 as shown in figures
6a-b. The tongue protrusions 31a match the cavities 33b,
they are offset in relation to the groove protrusions 31b
and located in a plane under the groove protrusions 31b.
Further vertical movement will bring the tongue protru-
sion 31a in the groove cavity 33b and of course also the
groove protrusion 31b in the tongue cavity 33a. Figures
6e-f show the position when the panels 1, 1’ have been
vertically connected and are laying flat in the same plane
on the sub floor. Figures 6g-h show finally the vertically
locked position where the protrusions 31a, 31b overlap
each other due to the displacement of the displaceable
tongue 30 along the joint edge.
[0074] This installation method and locking system is
further explained in figures 7a-7d. Figure 7a shows how
the pressing edge 32 could be displaced along the joint
by a side pressure P caused by a long edge tongue 10
during angling of the long edges 5a when a new row is
installed. The displacement is in an initial step mainly
caused by a linear displacement of the long edge tongue
10 until the upper part of the long edges 5a, 5b are close
to each other, preferably in contact. Figure 7b shows the
locked position with the displaceable tongue 30 is in its
final locked position. The final locking is accomplished
with a turning action, which displaces the tip of the tongue
10 and the displaceable tongue 30 further into the tongue
groove 9 of the long side edge. This locking distance LD
could vary between for example 0,05 - 0,15 times floor
thickness FT depending on the shape of the tip of the
tongue 10 and the pressing edge 32. The locking element
8 and the locking groove 14 are generally in contact dur-
ing the major part of this angling and displacement step.
The tongue 10 on a long edge 5a could during this final
locking step create a substantial pressure against the
pressing edge 32 and the short edges 4a, 4b could be
locked firmly against each other in the vertical direction.
Figure 7c shows the position of the second 1 and the
new panels 1’ before their short edges 4a, 4b are locked
vertically and figure 7d show the locked position when
the tongue 10 of a third panel 1a has displaced the dis-
placeable tongue 30 to its final locked position.
[0075] It is obvious that the tongue could be displaced
with a pressure P against the pressing edge 32, which
is applied by the installer during installation, with for ex-
ample a tool and not by the angling of the third panel. It
is also obvious that displaceable tongues 30 could be
connected to an edge of a panel during installation.
[0076] Figures 8a-8b show locking of a floorboard,
which in this case is a wood flooring, and locking accord-

ing to the vertical push folding principle. The displaceable
tongue 30 is in this embodiment fixed to the floorboard
such that it ends approximately at the upper edge of the
tongue side 10 of one long edge 5a and protrudes with
its pressing extension 32 beyond the other long edge 5b
the groove side 9. This is shown in figures 8a, 8c and 8d.
A third panel 1a, as shown in figure 8e, is connected with
angling to the second pane 1 and its tongue 10 presses
against the pressing edge 32 of the displaceable tongue
30. Figure 8f shows how the tongue 30 is displaced with
one of its edge sections Es1 spaced from the inner part
of the long edge groove 9 of the first panel 1" and the
other edge section, the pressing edge 32, in contact with
the tip of the tongue 10 of the third panel 1a. This instal-
lation principle allows that, depending on the initial posi-
tion of the displaceable tongue, the floor could be in-
stalled in both directions - with the long edge tongue part
on the strip or with the long edge strip under the tongue.
It could be mentioned that a displacement of about 0,5 -
3 mm could results in a very strong locking.
[0077] Figures 9a-9d shows an embodiment according
to the first aspect of the invention where the vertical lock-
ing of the short edges is obtained by a displacement of
the panels along the short edges. The protrusions on the
tongue and on the tongue groove 31a, 31b and the cav-
ities 33a, 33b could be made in one piece with the panel
core or of a separate material that is connected to the
panel. Figure 9d shows an embodiment where the strip
6 and its locking element 8 comprise protrusions and
cavities. Such an embodiment could be used to simplify
production of the tongue protrusions 31a since a tool
could be used that could cut trough the strip 6 when the
tongue protrusions 31a are formed.
[0078] Figure 10a - c shows installation of an embod-
iment with fixed and non-displaceable protrusions 31a,
31b. A short edge 4b of new panel 1’ is connected, pref-
erably with a vertical movement, to an adjacent short
edge 4b of second panel in the same row such that the
protrusions 31a passes the cavities 33b and that the edg-
es are locked horizontally. The short edges 4a, 4b are
thereafter displaced in relation to each other and in a
horizontally locked position along the adjacent edges
such that the long edges 5a, 5a’ are aligned along the
same straight line as shown in figure 10b and locked
vertically and horizontally whereby the protrusions 31a,
31b overlap each other. The long edges 5a, 5a’ of two
panels 1, 1’ are thereafter connected to a first panel
1" with preferably angling as shown in figure 10c.
[0079] Figures 11a-11c show that such connection
could be made with the first 1" and second 1 panel in an
angled position against each other with their upper parts
of the long edges in contact. A short edge of a new panel
1’ is than connected with a vertical motion to an adjacent
short edge of a second panel, which is in an angled po-
sition to the sub floor, in the same way as shown in figure
10a. The new panel 1’ is than displaced in the angled
position with its short edge connected to the short edge
of the second panel 1 until its long edge meets the long
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edge of the first panel 1". The new 1’ and the second
panel 1 are than angled down and the new panel 1’ is
locked mechanically vertically and horizontally to the first
1" and the second 1 panels.
[0080] The advantage with the above-described instal-
lation method is that the short edges could be connected
and locked horizontally without any angling. This is an
advantage when the panels are long or when an instal-
lation is made in corners or around doors where angling
is not possible to use.
[0081] Figure 12a - 12f show that the basic principle
of forming protrusions on the short edges that allow a
locking with a vertical motion could also be used to form
protrusions 37a, 37b and cavities 38a, 38b on long edges
5a, 5b that allow a locking with a horizontal motion of one
long edge towards another adjacent long edge. Figures
12e and 12f and 12a show that two long edges 5a and
5b could be connected horizontally in the same plane
and locked to each other vertically such that the protru-
sions 37a of the strip panel 5b matches the cavities 38b
of the groove panel 5a and the protrusions 37b of the
groove panel 5a matches the cavities 38b of the strip
panel 5b. The long edges 5a, 5b could thereafter be dis-
placed along the long edges such that said protrusions
overlap each other horizontally where one protrusion is
positioned behind the other protrusion and they lock the
edges horizontally as shown in figure 12a.
[0082] Figures 13a - 13e show in detail installation of
floor panels with a long edge locking system as shown
in figures 12a-12f. Two long edges 5a and 5b are con-
nected horizontally in the same plane and locked to each
other vertically as shown in figures 13a and 13b such
that the protrusions 37a of the strip panel 5b matches
the cavities 38b of the groove panel 5a and the protru-
sions 37b of the groove panel 5a matches the cavities
38a of the strip panel 5b. The long edges 5a, 5b are
thereafter displaced along each other such that the pro-
trusions overlap each other and lock the edges horizon-
tally. The short edges 4a and 4b could be locked by hor-
izontal snapping, preferably with a snapping system that
comprises a flexible locking element 8’as shown in figure
13d. Such installation method could be used to lock dou-
ble sided panels with decorative surfaces on both oppo-
site sides as shown in figure 13f.
[0083] Figures 14a and 14b show that it is essential
that the protrusions 37a, 37b and cavities 38a, 38b on
the long edges are distributed along the edge in a manner
that creates a well defined pattern, preferably with the
same intermediate distance, when two floor boards are
connected with their short edges and that such a pattern
corresponds to the main pattern on the individual panel.
The floorboards according to this preferred embodiment
are characterized in that the intermediate distance of ad-
jacent protrusions 37a’, 37a" of two connected floor-
boards 1a, 1" is essentially the same as the intermediate
distance of two protrusions 37a", 37a on one of the two
floorboards 1a, or 1". Figure 14c shows a second floor-
board 1 that has been displaced along the joint and

locked vertically and horizontally to two connected floor-
boards 1a, 1" in a firs row. Figures 14d and 14e shows
how a long edge of a new panel 1’ in a second row is
locked with a horizontal movement towards the long edge
of a first panel 1" in a first row, sliding along said long
edge and finally with horizontal snapping to an adjacent
short edge of a second panel 1 in the same second row.
[0084] Figures 15a-e show alternative ways to install
panels comprising protrusions on long edges. Figure 15a
shows that adjacent short edges of a second 1 and a
new panel 1’ in a second row could be locked vertically
and horizontally with for example angling, horizontal
snapping or insertion along the joint. The new panel 1’
could thereafter be displaced and connected to the ad-
jacent long edge of a first panel 1" in a first row, provided
that the second panel 1 is not completely locked. This
will allow the protrusions to match the cavities on the long
edge. The second 1 and the new panels could thereafter
be displaced along the connected long edges and locked
vertically and horizontally.
[0085] Figure 15b - e show an alternative installation
method. The short edges of the second 1 and new 1’
panels could be locked by a vertical or horizontal con-
nection of the edges followed by a displacement along
the short edges such that the protrusions overlap each
other and until the upper parts of the adjacent long edges
are in contact, shown in figure 15b - d. The long edges
are finally locked by a displacement of both said panels
1, 1’ along the long edges of panels installed in an adja-
cent row and this brings the adjacent long edge protru-
sions in a horizontally overlapping position as shown in
figure 15e.
[0086] The long edges could be form such that friction
keeps the edges together until a whole row is displaced.
The protrusions could be wedge shaped in the longitu-
dinal direction such that a displacement along the edges
will automatically align and preferably press the edges
against each other. The individual rows could be prevent-
ed from sliding against each other after installation with
for example friction, glue or flexible material that are in-
serted between the first and last panels in a row and the
adjacent wall. Mechanical devices that snap or create
friction integrated with the locking system and which lock
the panels in a longitudinal position and prevent sliding
could also be used.
[0087] Figures 16a-16c shows that the embodiments
shown in figures 9 and 12 could be combined and that
adjacent short edges comprising matching protrusions
31a, 31b and cavities 33a, 33b could be connected with
a vertical and/or horizontal motion and locked vertically
and horizontally with a displacement along the adjacent
edges such that the protrusions 31a, 31b overlap each
other and locks the adjacent edges vertically and that the
locking element 8 enters into the locking groove 14 and
locks the adjacent edge horizontally. Such a locking sys-
tem could be used to lock the short edges according to
figure 15b - 15d.
[0088] Figure 17a-17e shows a production method to
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form cavities 33b and protrusions 31b according to the
cutter principle. Several cutters 70 could be used, one
for each cavity. This principle could be used on long and
short edges for the tongue and/or the tongue groove side.
The forming could take place before or after the profile
cut.
[0089] Figure 18 a- e show that the above mentioned
forming could also be made with the saw blade principle
where preferably several saw blades 71 preferably on
the same axes, forms the protrusions 31b and cavities
33b.
[0090] Figure 19a-19e show a method to form the
above mentioned protrusions 31b and cavities 33b with
a screw cutter principle. Such forming could be produced
in a very cost efficient way in a continuous production
line and with high accuracy especially if the panel position
is synchronized accurately with the tool position and the
tool rotation speed. The screw cutter 72 could be used
as separate equipment or more preferably as an integrat-
ed tool position in a double-end tenoner. It could have a
separate control system ore more preferably a control
system that is integrated with the main control system 65
of the double-end tenoner. The edge is displaced essen-
tially parallel to the axis of rotation AR of the screw cutter
tool 72. It is possible to produce any shape, with round
or sharp portions. The cutting could take place before,
after or in connection with the profile cutting. When form-
ing short edges, it is preferable to use the method as one
of the final steps when the long edge and at least the
major parts of the short edge locking system have been
formed. It is preferable in some embodiments to form the
protrusions and cavities on the groove side before the
tongue groove 20 is formed. This reduces the amount of
lose fibres and chipping on the inner walls of the cavities
and protrusions.
[0091] The position in the length direction of a cavity
33b formed on a panel edge depends on the position of
the first entrance tool tooth 56a that comes into contact
with the panel edge as shown in figure 19c. This means
that the rotation of the tool must be adjusted to the panel
edge that is moved towards the tool. Such an adjustment
could be made by measuring the speed of a transporta-
tion chain or a belt or the driving device that moves the
chain or the belt. This could be suitable when forming
the short edges since a chain generally displaces the
panels with chain dogs, which are positioned at very pre-
cise intermediate distances. Alternatively the adjust-
ments could be made by a measurement of the position
of a panel when it approaches the screw cutter tool. This
alternative could be used for example when the long edg-
es are machined.
[0092] The diameter 53 of the shown screw cutter tool
72 should preferably be smaller on the entrance side ES
than on the opposite exit side. The screw cutter tool could
however have the same diameter 53 over the whole
length 54. The increased cutting depth could in such a
tool configuration be reached with an axis of rotation that
is slightly angled in relation to the feeding direction of the

panel edge.
[0093] The pitch 54 of the tool configuration defines
the intermediate distance of the cavities and the protru-
sions. It is therefore very easy to form a lot of cavities
and protrusions with very precise intermediate distances
over a considerable length of a joint.
[0094] The teeth 56 of a screw cutter should preferably
be made of industrial diamonds. The tool diameter 53 is
preferably about 50 - 150 mm and the tool length 54 about
30 - 100 mm. Each tooth should preferably have a cutting
depth of 0,05 - 0,2 mm.
[0095] Figure 20a - c show an example of a screw cut-
ter 72 which has been designed to form cavities and pro-
trusions in a 6-10 mm thick laminate flooring edge with
a core of HDF material. It comprises 32 teeth 56, each
with a cutting depth of 0,1 mm which allows forming of
cavities with 3,2 mm walls. The pitch is 10 mm and the
teeth are positioned in 5 screw rows. The diameter 53 is
80 mm and the length 54 is 50 mm. The rotation speed
is about 3000 revolutions per minute, which means that
the feeding speed could be 3000*10= 30.000 mm/min or
30 meter per minute. The feeding speed could be in-
creased to 40 meter if the rotation speed is increased to
4000 revolutions. The pitch could be increased to 20 mm
and this could increase the feeding speed further to 80
meter/minute. The screw cutter could easily meet the
conventional feeding speed of 55 meter/minute, which is
generally used in production of the short edge locking
system. The screw cutter could also be designed too al-
low a feeding speed of 200 meter/minute if required when
forming three-dimensional grooves on short edges.
[0096] The screw cutter could have more than one en-
trance 56a and double screw rows of teeth and this could
increase the feeding speed considerably.
[0097] The position of the cavities in relation to an edge
corner could be made with a tolerance of less than 1,0
mm and this is sufficient to form a high quality locking
system according to the invention.
[0098] It is an advantage if the intermediate distance
between the chain dogs is evenly divided with the pitch.
300 mm between the dogs and a pitch of 10 mm means
that the screw cutter should rotate exactly 30 revolutions,
in order to teach the same position. This means that only
a small adjustment of the screw cutter is needed in order
to reach the correct position and to over bridge eventual
production tolerances.
[0099] Figure 20d shows an edge part 1’ with the sur-
face turned downwards, of an 8 mm laminate flooring,
which has been formed with the screw cutter 72 shown
in figures 20a-c. The protrusions 31b and cavities 33b
are formed on the lower lip 22 of the tong groove 20. The
inner part of the cavity 33b is smaller than the outer part
and has the same geometry as the tool tooth. The cavity
could be larger than the tooth if the teeth are displaced
in the tool or if the tool rotation is not completely adjusted
to the feeding of the panel. The intermediate distance
will however still be the same.
[0100] The screw cutter principle, which has never

23 24 



EP 3 597 837 A1

15

5

10

15

20

25

30

35

40

45

50

55

been used in flooring production, opens up possibilities
to form new locking systems with discontinuous and non-
parallel three-dimensional shapes especially on long
edges. This new production method makes it possible to
produce the above-described locking systems compris-
ing protrusions and cavities in a very rational and cost
efficient way. The principle could also be used to produce
decorative grooves and bevels with variations in the
length direction.
[0101] Figure 21a-b show that forming of the protru-
sions could be made before the profile cut. A separate
material 62 or the panel core with protrusions 31a and
cavities 33a could be connected to an edge of the floor-
board and preferably glued between a surface layer 60
and a balancing layer 61 in a wood or laminate floor. Any
of the before mentioned production methods could be
used to form the protrusions.
[0102] Figure 21c shows that protrusions and cavities
could be formed with a large rotating tool 73, similar to a
saw blade, which comprise cutting teeth on only a portion
of the tool body. This is a simple variant of the screw
cutter principle and each rotation forms one cavity. The
advantage is that the intermediate distance between the
cavities could be changed by an adjustment of the tool
rotation speed or the feeding speed of the panel. It is
however more difficult to reach a high speed and suffi-
cient tolerances. The large diameter could also be a dis-
advantage in several applications.
[0103] Figures 22a-f show a method and an inserting
device 59 to insert and fix a separate part, preferably a
displaceable tongue 30 into an edge of a panel, prefer-
ably a floor panel. A tongue blank TB comprising several
flexible tongues 30 is displaced from a stacking device
58 to a separation device 57 where the displaceable
tongue 30 is separated from the tongue blank TB and
displaced preferably vertically to a lower plane (figures
22a, 22b) where a pusher 46 presses the displaceable
tongue 30 into a displacement groove 40 on a panel edge
(figure 22d) A new tongue could thereafter be separated
from the blank as shown in figure 22e-f. The inserting
device 59 should preferably be integrated with the dou-
ble-end tenoner (not shown), which machines and forms
the mechanical locking system. A first advantage of this
principle is that the same chain or transportation device
could be used to displace and position the edge of the
floorboard. A second advantage is that the same control
system 65 could be used to control the inserting device
and the double-end tenoner. A third advantage is that
the chain and the chain dogs could be adapted such that
the intermediate distance of the chain dogs is well defined
and preferably the same and this will facilitate a precise
and easy fixing of the separate part into a groove. A fourth
advantage much lower investment cost than in a case
when two separate equipments with two separate control
systems are used. This equipment and production meth-
od could be used in all locking systems comprising a
separate part and not only the described embodiments.
[0104] The invention provides an equipment to pro-

duce a locking system with a separate part inserted into
an edge. The equipment comprises a double-end tenon-
er with a transportation device that displaces a panel, an
inserting device 59 with a pusher 46 that inserts the sep-
arate part and a control system 65. The inserting device
is integrated with the double end tenoner as one produc-
tion unit and the pusher and the transportation device
are connected to the same control system that controls
the transportation device and the pusher.
[0105] Figure 23a-23d shows connection of a separate
tongue or any similar loose element. A displaceable
tongue 30 is connected into a groove 40 at the edge with
a pusher according to the above-described method. The
pusher could preferably connect the whole tongue or only
one edge of the tongue. Figure 23b shows that a pressure
wheel PW could be used to connect the displaceable
tongue 30 further into a groove 40. Figure 23d show that
a position device PD could be used to position the tongue
in relation to one long edge. This could be made in line
in a continuous flow.
[0106] Figure 23e show how a displaceable or flexible
tongue 30 could be formed from a tongue blank TB, for
example from an extruded section which is punched in
order to form and separate the tongues from the extruded
tongue blank TB. Friction connections could be formed
for example by punching or with heat. The displaceable
tongue could also be formed from a wood fibre based
material such as HDF, plywood, hardwood etc. Any type
of material could be used.
[0107] Figure 24a,b shows an embodiments where the
lower lip 22 of the groove 20, with its protrusions and
cavities, is made of a separate material which is connect-
ed to the edge. The locking system could comprise a
displaceable tongue 30 and/or a displaceable lower lip
22. It is obvious that the tongue 30 could be made in one
piece with protrusions and cavities and that only the lover
lip could be displaceable. Figure 24c shows that all prin-
ciples that have been described for the vertical locking
could be used to lock floorboards horizontally. A separate
locking element 8’ with vertically extending protrusions
and cavities could be combined with a locking element
8 comprising similar protrusions and cavities. The locking
element 8’ or the panel edge could be displaced in order
to lock panels horizontally where overlapping protrusions
lock behind each other. The figure shows an embodiment
with a flexible tongue 30 for vertical locking. It is obvious
that a conventional one piece tongue could be used.
[0108] Figures 25a and 25c show embodiments of dis-
placeable tongues 30 in unlocked position, figure 25b
and 25d in locked position. The tongue protrusions 31a
could be wedge shaped or rounded and the tongue
groove cavities 33b could also have various shapes such
as rectangular, rounded etc. Rounded or wedge shaped
protrusions facilitates locking since the overlapping could
be obtained gradually during displacement.
[0109] Figures 26 a-b shows that the tongue protru-
sions could have a lower contact surface 34, which is
inclined upwardly to the horizontal plane. This lower sur-
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face could be used to press the groove protrusions 31b
and the edge against the upper part of the strip 6 during
displacement in order to lock the edges firmly vertically.
The groove protrusions 31b could also be formed with
vertically inclined walls.
[0110] Figure 26c-e shows that a separate tongue 30
could comprise hooks 35 that during the vertical snap
folding snaps automatically and grip against the upper
part of the groove protrusions 31b. The hooks could ex-
tend and flex vertically or horizontally.
[0111] Several tests made by the inventor shows that
a high vertical or horizontal load could cause a crack C
on the strip panel 1, as shown in figure 27a. Such a crack
occurs mainly between the lower part of the tongue
groove 20 and the upper part of the locking groove 14.
This problem is mainly related to thin floorings and floor-
ings with a rather soft core with low tensile strength. Gen-
erally it is not preferable to solve such problems by just
moving the position of the displacement groove 40’ and
the tongue groove 20’ upwards since this will create a
thin and sensitive upper lip 22 in the strip panel 1.
[0112] Figure 27b shows that this problem could be
solved with a locking system comprising a protrusion 7
on the groove side. This geometry allows that several
mainly horizontally extending surfaces on the strip side
1, such as the lower contact surface 6a, and the upper
40a and lower 40b displacement groove surfaces, could
be formed with the same tool and this could reduce pro-
duction tolerances.
[0113] Figure 27c show that this problem also could
be solved with a locking system comprising a displace-
ment groove 40 and a tongue groove 30 that are offset
vertically in relation to each other. The displacement
groove 40 is preferably located in a first horizontal plane
H1 in one panel edge (1) and the tongue groove is located
in second horizontal plane H2 in another panel edge (1,).
The second horizontal plane H2 is located closer to the
front face of the panel than the first horizontal plane H1.
Figure 27d shows a displaceable tongue 30 that could
be used in a locking system with offset grooves.
[0114] Figure 27e shows a locking system with a dis-
placeable tongue 30 that has a part, which is located
under a horizontal locking plane LP that intersects with
the upper part of the locking element 8. This gives an
even stronger locking. Such a displacement groove could
be produced in the conventional way with several tools
working in different angles or with scraping or broaching.
[0115] Figure 27f shows that this principle could, with
some modifications, also be used in the prior art locking
system where a flexible tongue 30 is displaced mainly
perpendicularly to the edge from one groove into an ad-
jacent tongue groove with a vertical snap or side push.
[0116] Figure 28a-28e shows another embodiment
where a displaceable tongue 30 is displaced automati-
cally during a vertical snap folding such that the displace-
able tongue and the tongue groove protrusions overlap
each other. The displaceable tongue comprises a flexible
edge section 32a, which during folding is compressed as

shown in figure 28b. The edge section 32a will press back
the displaceable tongue 30 towards the original position
when the panels edges are in the same plane and lock
the edges as shown in figure 28c. The flexible edge sec-
tion could also be formed as a flexible link 32b, which
pulls back the displaceable tongue and locks the edges.
These principles could be used separately or in combi-
nation. Figures 28d and 28e shows how a wedge shaped
surfaces of the tongue and the tongue groove protrusions
31a, 31b cooperate during folding and displace the dis-
placeable tongue such that it can snap back and lock
vertically. Such wedge shaped surfaces could also be
used to position the tongue during folding and to over
bridge production tolerances.
[0117] Figure 29a-e shows that as an alternative to the
side push a turning action could be used to lock adjacent
edges of two panels 1, 1’ when they are in the same
plane. Such a locking could be accomplished without any
snapping resistance and with limited separation forces.
The known turn snap tongue 30 as shown in figure 3a
and 29b could comprise a turning extension 38 which
could be used to turn the tongue 30 and to lock the edges
as shown in figure 29c. The locking systems could also
comprise two separate parts 39, 30 where one inner part
39 has a cross section such that the width W will increase
and push a tongue 30 into an adjacent groove when the
turning extension is turned vertically downwards. Dis-
placement of a tongue could also be made with horizontal
turning towards the long edge.
[0118] Figures 30a-30d show a locking system with a
displaceable tongue (30) that locks the edges vertically
(D1) according to the above-described embodiments but
also horizontally (D2) when the displaceable tongue 30
is displaced along the joint such that the protrusions over-
lap each other. The displaceable tongue has at least two
locking elements and each panel edge has at least one
locking element preferably formed in one piece with the
panel core. The displaceable tongue 30 comprises ac-
cording to the embodiment shown in figure 30a two
tongue locking elements 42a, 42b. The displacement
groove 40 and the tongue groove 20 have also groove
locking elements 43a, 43b made in one piece with the
panel that cooperate with the tongue locking elements
and lock the adjacent edges horizontally when the pro-
trusions 31a, 31b are displaced in relation to each other
such that they overlap each other as shown in figures
8a-c. Figure 30a is drawn to scale and shows a 6,0 mm
laminate flooring. The locking system is produced with
large rotating tools. To facilitate such production, the
locking system comprises lower lip edges 48a, 48b which
have an angled part, adjacent to the displaceable tongue,
extending outwardly and downwardly and which are lo-
cated on a tongue surface which is opposite to a locking
element 42a or 42b. Due to the fact that this locking sys-
tem does not have a strip with a locking element and a
locking groove in the rear side, it is possible to produce
such a vertical push folding system even in very thin floor
panels. Figure 30d shows an embodiment where the
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locking elements 42a,b, 43a,b have essentially vertical
locking surfaces 47 which have an angle of about 90
degrees to the horizontal plane. The lower lip edges
48a,b are essentially vertical. Such a locking system
could have a high vertical and horizontal locking strength.
The locking surfaces should preferably exceed 30 de-
grees to the horizontal plane. 45 degrees and more are
even more preferable.
[0119] Figures 31a - 31e show different embodiments
of locking systems where the displaceable tongue locks
vertically and horizontally. Fig 31a shows a locking sys-
tem with a displaceable tongue comprising three locking
elements 42a,b,c.
[0120] Figure 31b shows a locking system with lower
lips 48,49 that overlap each other vertically and locks the
edges in one vertical direction. The displaceable tongue
30 could be designed such that it creates a pressure to-
wards the overlapping lower lips 48,49 and this could
improve production tolerances and the vertical locking
strength.
[0121] Figure 31c shows a locking systems with two
locking elements 42a, 43a and 42b, 43b in the lower part
of each adjacent panel edge. This locking system is sim-
ilar to figure 8a turned upside down.
[0122] Figure 31d show a locking system with eight
locking elements 42a,b,a,b’43a,b,a’,b’. The displaceable
tongue could be connected to the edge with an essentially
horizontal snapping. Figure 31e shows a similar locking
system with three plus three locking elements.
[0123] It is obvious that all these locking principles
could be combined. One edge could for example have a
locking according to figure 31a and the other according
to figure 31d or 31e and all locking systems could have
overlapping lover lips.
[0124] The shown one piece locking elements in fig-
ures 30a-d and 31a-e comprises locking elements with
inner parts that are formed as an undercut groove. Figure
32a-c shows however that the one piece locking ele-
ments 43a,b could also be formed on a rear side of the
panel and not in a groove. This simplifies the production.
The inner parts of the tongue locking elements 42a,b are
however in this embodiment formed as an undercut
groove. The tongue 30 could be produced by for example
machining, injection moulding or extrusion and these pro-
duction methods could be combined with punching if nec-
essary. The tongue 30 could be formed with many differ-
ent cross sections, for example with locking elements in
lower lips extending beyond the upper lips as shown in
figure 32d. Such an embodiment is easier to produce
since it does not comprise any undercut grooves in the
panel edges or in the tongue. Such displaceable tongues
30 could be connected to an edge with angling, snapping
or insertion along the edge.
[0125] Figures 33a-c show that the displaceable
tongue could be arranged on the groove panel 1’ such
that it locks in a groove located on an outer part of the
strip 6.
[0126] Figures 34a-d show a production method to pro-

duce a locking element 43a in a locking system shown
in figures 8a-c. The first tool position T1 could for example
form a horizontal groove. Next tool position T2 could form
an undercut groove 40a and finally a fine cutter in a third
tool position T3 could form the upper part of the edge.
[0127] Figures 35a-c show how a locking system ac-
cording to figure 31b could be produced. A horizontal
groove is formed by for example a rotating tool T1. The
undercut groove 40a, which in this case has a vertical
locking surface, could have any angle and could be
formed by broaching where the panel is displaced relative
a fixed tool that cuts like a knife with several small and
slightly offset tool blades.
[0128] Figures 36a-d show a method to insert a dis-
placeable tongue 30 into a displacement groove 40 such
that the tongue is inserted parallel to and along the
groove. This method could be used for any tongues but
is especially suitable for displaceable tongues with lock-
ing elements. The tongue 30 is preferably separated from
a tongue blank and moved to a position in line with the
displacement groove where it is held in a pre determined
position by one or several tongue holders 44a,b. The
panel 1 is displaced essentially parallel with the displace-
able tongue and an edge part is inserted into the dis-
placement groove 40 and preferably pressed further into
the groove by one or several guiding unites 45a,b. The
displaceable tongue is released from the tongue holders
44a,b by preferably a panel edge that cause the holders
to for example rotate away from the edge.
[0129] Figures 37a-c show a method to insert a tongue
into a groove such that the tongue is snapped essentially
perpendicularly into a groove. The whole tongue or only
a part of the tongue could be inserted with snapping
whereby a pusher 46 presses an edge of the tongue 30
into a part of the groove 40. A remaining part of the tongue
could be inserted with the above-described method along
the joint. The snapping connection could be obtained by
flexible lips on the panel edge as shown in figure 37b
and/or by flexible lips on the tongue 30 as shown in figure
37c.
[0130] Figures 38a and 38b show that a locking system
according to the invention could be locked such that the
panel edges are moved essentially horizontally towards
each other. They could thereafter be locked with a side
push. The locking systems could also be locked with only
a snapping if the displaceable tongue prior to locking is
arranged in a position where the protrusions are aligned
in front of each other. Such an installation could for ex-
ample be used when angling of a panel is not possible.
Figure 38c shows that locking elements 42a’,43a’ could
be used to replace the friction connection and to keep
the tongue into the groove 40 during installation.
[0131] Figure 39a-d show another method to connect
a separate element, preferably a tongue, into a groove.
It is an advantage if tongues 30 could be fed vertically
towards a panel edge and connected with a horizontal
pusher. The problem is that some tongues, especially
displaceable and flexible tongues that have a rather com-
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plex three dimensional form, could only be produced with
a cross section having a main tongue plane TP, defined
as a plane in which the tongue is intended to be located
horizontally into a groove, that is located in the same
plane as the main plane of the tongue blank TB. This
problem could be solved as follows. A tongue blank TB
is according to the invention positioned and displaced
essentially vertically, or essentially perpendicularly to the
position of the panel 1, towards a turning unit 50 as shown
in figure 39a. The tongue is connected to the turning unite
50 and separated from the tongue blank, as shown in
figure 39b. The turning unit 50 is thereafter turned about
90 degrees in order to bring the tongue 30 with its main
tongue plane TP in a horizontal position such that it could
be connected into a groove 40 of a panel 1 edge by a
pusher 46 that pushes the tongue 30 out from the turning
unit and into the groove 40. This is shown in figures 39c
and 39d. The panel 1 is shown in a horizontal position
with the front face pointing downwards.
[0132] A displaceable tongue 30 with protrusions could
have a rather simple cross section and could easily be
produced with a cross section and a main tongue plane
TP perpendicular to the main plane of the tongue blank
TB. This is shown in figure 40a. The connection into a
groove is than very simple and the tongue 30 could easily
be pushed into a groove 40 as shown in figure 40a.
[0133] Figure 40b show that any type of tongue 30 con-
nected to a tongue blank TB could be turned prior to the
separation from the tongue blank TB and prior to the con-
nection into the groove 40. Such a turning could for ex-
ample be made with two turning pushers 51a, 51b that
press on the upper and lower part of the tongue 30.
[0134] Figure 40c show a tongue 30 that has a rather
complex cross section and that is produced with the cross
section and a main tongue plane TP perpendicular to the
main plane of a tongue blank. The tongue 30 is connected
with snapping. Figure 40d show that such complex cross
section could be produced with injection moulding if the
tongue has protrusions 31a. 31a’in the inner and outer
part.
[0135] Figure 41a show that a tongue 30 could be in-
serted into a groove 40 in a very controlled way if upper
52a and/or lower 52b guiding devices are used. The
groove 40 must be positioned such that it gives space
for the upper guiding device 52a to be located between
the locking element 8 and the displacement groove 40.
The panel is even in this figure shown with the front side
downwards.
[0136] Figure 41b show that more space could be cre-
ated for the guiding device it the tongue 30 is inserted in
a plane that is not parallel to the horizontal plane.
[0137] Figure 41c,d,e show that the insertion of a
tongue edge 30a into a groove 40 could be facilitated if
a part of the locking element 8 of the strip 6 and/or of the
tongue 30 and/or of the groove 40 is removed such that
the tongue edge could be inserted into a part of the groove
40 with less or preferably even without any resistance.
The remaining part of the tongue 30 could thereafter be

inserted along the joint.
[0138] Figure 42a show that a tongue blank TB with
several displaceable tongues 30 comprising protrusions
31a could be formed by punching a sheet shaped mate-
rial preferably consisting of HDF, compact laminate, ply-
wood, wood or aluminium or any similar material. Figure
42b show that punching could be used to compress the
material and to form three-dimensional sections for ex-
ample wedge shaped protrusions 31a.
[0139] It could be an advantage in thin floorings or soft
core material to use a separate or flexible tongue that
locks against an upper and lower tongue groove surface
as shown in figure 27b and that has an protruding part
30a that comprises essentially horizontal upper and lover
contact surfaces. This principle could also be used in the
known prior art systems, which uses a vertical snap fold-
ing method. A flexible tongue 30 could be formed with a
protruding part 30a that locks against the upper and lower
tongue groove surfaces 21a and 20b as shown in figures
43a-43c. A locking system with such a tongue could be
difficult or impossible to lock with a vertical motion as
shown in figure 43d. It could however be locked with a
combined horizontal and vertical motion as shown in fig-
ures 43e, 43f and this method could be used to for ex-
ample lock the first rows. A locking with vertical folding
could however be made if the displaceable tongue com-
prises a bevel 30b at and edge part that during folding
will push the protruding part 30a into the displacement
groove as shown in figure 43g.
[0140] Figures 44a-d how a long edge tongue 10 and
a pressing edge of the displaceable tongue could be
formed in order to reduce vertical friction during locking
of the long edges and displacement of the displaceable
tongue 30 along the short edge. The first step in a locking
is generally a linear displacement in angled position of
one long edge 5a towards a long edge 5b of a panel
laying flat on the sub floor as shown in figure 44a. The
tongue is preferably pushed an initial distance displace-
ment distance, which could position the short edges in
essentially the same plane if for example wedge shaped
protrusions are used. The final locking is a turning action
as shown in figure 44c when the locking element 8 and
the locking groove 14 are in contact and facilitate the final
locking displacement during which action the displacea-
ble tongue 30 is displaced with a locking distance LD.
This final displacement should preferably lock the short
edges with a vertical pre tension where the panel edge
of the groove pane 1’ is pressed vertically against the
upper part of the strip 6 at the strip panel 1 as for example
shown in figure 27b. The friction between the pressing
edge 32 and the tip of the tongue 10 could push the upper
part of the edge upwards and create "overwood" at the
joint edges in the corner portion between the long end
short edges. This could be avoided if the pressing edge
32 is inclined vertically and inwardly against the vertical
plane VP and/or rounded. A preferred inclination is 20 -
40 degrees. It is also an advantage if the tip of the tongue
10 that during locking is in contact with the pressing edge
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32 is rounded. The locking distance LD is in the shown
embodiment smaller than 0,10 times the floor thickness
FT.
[0141] Figures 45a-d show that the vertical friction forc-
es could be reduced further with a flexible pressing edge
32 that could be displaced for example vertically during
locking. This principle allows that the locking distance LD
could be reduced to zero if required.
[0142] Figures 46a-b show that the describe methods
to form cavities in an edge could be used to displace the
known tongue from one groove into an adjacent groove
as described in figure 1c. One or several cavities 33’ with
horizontally extending inclined (figure 46b) or parallel (fig-
ure 47c) walls could be formed by cutting trough the strip
6 and such an embodiment and production method is
more cost efficient than the known methods where thin
horizontally cutting saw blades are used to make a cavity.
[0143] Figure 47a shows that the vertical push folding
principle utilizing a bendable tongue 30 that bends into
a tongue groove 20 could be improved if a hook 75 is
formed at an edge that cooperates with a cavity 33’ and
prevents displacement. This embodiment makes it pos-
sible to lock the first rows with the bending principle. Fig-
ure 47b shows that the hook 75 could be flexible and
could snap vertically into a protrusion formed preferably
on the lower part of the displacement groove 40.
[0144] Figures 48a-48h show different embodiments
of the invention. Figure 48a shows a long displaceable
tongue 30 with two friction connection that is suitable for
tile shaped products having a width of 300 - 400 mm. It
is possible to connect an edge over a considerable edge
length even if the tongue is rather thin since it is positioned
and guided inside the displacement groove and the
tongue groove. The length is in the embodiment about
200 times the tongue thickness. Figure 48b show a dis-
placeable tongue 30 with a flexible pressing edge that
could be used to create a pre tension in the length direc-
tion after locking. Figure 48c show a tongue blank TB,
made with injection moulding comprising two rows of dis-
placeable tongues 30, 30 with protrusions and cavities.
This could reduce production costs considerably and the
tongues could be produced in tongue blanks comprising
for example 2*32=64 tongues with maintained tolerances
in the level of a few hundreds or millimetres. All these
shown embodiments have essentially equal intermediate
distances between the protrusions and this facilitates ra-
tional production. It is obvious that the intermediate dis-
tances could vary along the joint. Figure 48d shows that
the known flexible tongue could be produced in blanks
TB comprising two rows. Figure 48e shows a displace-
able tongue 30 with protrusions, which also is flexible
and could flex partly inwardly into the displacement
groove. This could be used to over bridge production
tolerances and to create a vertical pre tension. Figure
48f and 48g show that an edge could comprise one dis-
placeable tongue or two tongues 30, 30’ or more. Figure
48f shows several small flexible tongues 30, produced
preferably in two-row blanks, could be used on an edge

to lock with vertical snap folding. The advantage is that
the same tongue could be used for all widths.
[0145] Figure 49 shows an equipment to connect sep-
arate parts 30 to an edge of a floor panel. The equipment
is designed to handle tongue blanks TB comprising
tongues 30,30’ located side by side and one after each
other. It comprises at least two pushers 46 and 46. The
first pusher 46 connects one of the tongues 30 to one
panel edge 1a and the other pusher connects an adjacent
tongue 30’ in the same tongue row to a second panel
edge 1b. This allows a very high speed and several sep-
arate parts could be connected to the same edge.
[0146] Figure 50a-50g show an embodiment with a dis-
placeable tongue 30 in one edge comprising protrusions
31a and a displaceable tongue groove lip 22 in the ad-
jacent edges comprising protrusions 31b. The protru-
sions are wedge formed with their wedge tips pointing at
each other during the initial stage of the vertical folding.
The wedge shaped protrusions will during locking auto-
matically adjust the two displaceable parts such that the
protrusions could pass each other vertically as shown in
figures 50c and 50f,g. This will displace one of the two
displaceable parts as shown in figure 50g which there-
after could be pushed back in order to lock the adjacent
edges vertically and or horizontally. The two displaceable
parts 30, 22 could be essentially identical.
[0147] Figures 51a-c show a method to unlock two
panel edges that have been previously locked with a lock-
ing system according to the invention. Figure 51a shows
the unlocked position with tongue protrusions 31a locat-
ed in or above the groove cavities 33b. Figure 51b shows
the locked position with the tongue protrusions 31a over-
lapping the groove protrusions 31b. The displaceable
tongue 30 could be displaced one step further into the
edge, as shown in figure 51c, such that the tongue pro-
trusions 31a are located over the groove cavities 33b. It
is preferred that the outer end 32’ of the displaceable
tongue 30 is designed such that the unlocked position is
automatically obtained when this outer end 32’ is in con-
tact with a part of a long edge 41 of a panel installed in
a previous row, preferably the inner part of the long edge
tongue groove. It is preferred that the tongue initially is
positioned such that the distance D1 between the outer
end 32’and the contact point on the adjacent long edge
is about the same as the distance D2 between two tongue
protrusions 31a.
[0148] Figure 51d shows an embodiment comprising
a displaceable tongue 30 with only one protrusion 31a
extending horizontally beyond the upper edge. The
tongue groove 20 comprises one cavity 33b and one pro-
trusion 31b. Such an embodiment could be used to lock
vertically the middle section of the short edges of narrow
panels. The long edges will lock the corner sections. It
could preferably also be used in thick rigid panels and in
panels with bevels on the surface edges.
[0149] Figure 51e show an embodiment where the
tongue cavities 33b are formed with thin and horizontally
cutting saw blades.
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[0150] All methods and principles described for vertical
locking of floor panels could be used to lock edges hor-
izontally. The locking element 8 of a strip and the locking
groove 14 could for example be replaced with a displace-
able locking element with protrusions and cavities that
cooperate with protrusions and cavities on the locking
groove and lock the panels horizontally.
[0151] Further embodiments are described in the be-
low items.

1. A set of floor panels 1, 1’ provided with a locking
system comprising a tongue 10,30 at an edge of a
first floor panel and a tongue groove 20 in an adjacent
edge of a similar second floor panel for connecting
the edges vertically wherein the tongue 10,30 and
the tongue groove 40 are displaceable in relation to
each other, the tongue comprises a protrusion ex-
tending horizontally beyond the upper part of the
edge 31a,31b and the tongue groove a protrusion
and a cavity 33a, 33b configured such that the ad-
jacent edges can obtain a vertically unlocked posi-
tion where the protrusion of the tongue matches the
cavity of the tongue groove and a vertically locked
position where the protrusion of said tongue vertical-
ly overlaps the protrusion of said tongue groove.

2. The set of floor panels as described in item 1,
wherein the tongue 30 and the groove 20 each com-
prise a protrusion and a cavity

3. The set of floor panels as described in item 2,
wherein the tongue and the groove each comprise
several protrusions and cavities

4. The set of floor panels as described in item 3,
wherein the tongue and the groove are configured
such that upper parts of the edges can be brought
into contact with an essentially vertical motion and
that the vertically locked position can be obtained by
displacement along one of the edges.

5. The set of floor panels as described in any one of
items 1-4, w herein the tongue is a displaceable
tongue 30 in a displacement groove 40 of the first
panel

6. The set of floor panels as described in any one of
items 1 - 5, wherein the protrusion and cavities of
the groove are provided at a lower lip 22 and that
the lower lip is displaceable in relation to the second
panel.

7. The set of floor panels as described in item 5,
wherein the panels are provided with first and second
connectors 6,8,14,20,30 integrated with the floor
panels and configured to connect adjacent edges,
the first connector comprises a locking strip 6 with
an upwardly directed locking element 8 at an edge

of a floor panel and a downwardly open locking
groove 14 at an adjacent edge of another floor panel
for connecting the adjacent edges in a horizontal di-
rection D2 perpendicular to the adjacent edges, the
second connector comprises the displaceable
tongue 30 at an edge of a floor panel, and a horizon-
tally open tongue groove 20 in an adjacent edge of
another floor panel for connecting the adjacent edg-
es in vertical direction D1,
that the connectors are configured to be locked with
an angling or a vertical motion,
that a pressing edge 32 of the displaceable tongue
30 is arranged in an initial position at an edge of a
panel,
that the pressing edge is configured to be displaced
essentially horizontally and essentially in one direc-
tion only and along the adjacent edge from the initial
unlocked position to a final locked position.

8. The set of floor panels as described in item 5,
wherein the displaceable tongue 30 of a panel in a
first row is configured to be pushed by a force, ap-
plied at the pressing edge 32, of a panel in a second
row.

9. The set of floor panels as described in any one of
the preceding items, wherein the tongue 10, 30 is
displaced essentially along and parallel with the ad-
jacent edges.

10. The set of floor panels as described in any one
of the preceding items, wherein the width of the
tongue 10, 30 varies in the length direction of the
tongue.

11. The set of floor panels as described in items 1 -
4, wherein the protrusions and cavities of the groove
and/or the tongue are formed in one piece with the
panel.

12. The set of floor panels as described in any one
of the items 1-8 wherein the protrusions and cavities
of the groove are formed in a separate material con-
nected to the edge.

13. The set of floor panels as described in any one
of the preceding items wherein at least one protru-
sion has a wedge shape in the horizontal and/or ver-
tical direction.

14. The set of floor panels as described in any one
of the preceding items wherein an outer part of at
least one protrusion has a width or thickness that is
smaller than an inner part.

15. The set of floor panels as described in any one
of the items 5-10 wherein at least one protrusion has
a wedge shaped cross section to obtain an increas-
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ing vertical pressure when the displaceable tongue
30 is displaced along the joint.

16. The set of floor panels as described in any one
of the items 5-10, wherein the displacement groove
40 and the tongue groove 20 are offset vertically in
relation to each other.

17. A set of floor panels 1, 1’ provided with a locking
system comprising a separate part 30 in one edge
of a first floor panel 1 and a groove 20 in an adjacent
edge of a similar second floor panel 1’ for connecting
the edges vertically and/or horizontally wherein the
separate part 30 is displaceable along the adjacent
edges and that the adjacent edges are configured
to be locked vertically and/or horizontally by only a
displacement of the separate part along and parallel
to the adjacent edges.

18. The set of floor panels as described in item 17,
wherein the separate part 30 and the groove 20 each
comprise protrusions 31a,31b and cavities 33a, 33b
configured such that the adjacent edges can obtain
an unlocked position where the protrusions of one
of the adjacent edges match the cavities of the other
of the adjacent edges and a locked position where
some of the protrusions of respectively edges over-
lap each other vertically and/or horizontally

19. The set of floor panels as described in item 18,
wherein the separate part 30 is configured to be
pushed by a force P, applied at a pressing edge 32
of the separate part by a panel in a second row.

20. The set of floor panels as described in any one
of the items 17-19, wherein the width of the separate
part 30 varies in the length direction of the tongue 30.

21. The set of floor panels as described in any one
of the items 17-20 wherein at least one protrusion
has a wedge shaped cross section to obtain an in-
creasing vertical and/or horizontal pressure when
the separate part is displaced along the joint.

22. The set of floor panels as described in any one
of the items 17-21 wherein an outer part of at least
one protrusion has a width or thickness that is smaller
than an inner part.

23. A method to install floor panels with a mechanical
angling locking system at long edges 5a, 5b and a
mechanical locking system at short edges 4a, 4b
comprising a tongue 10,30 and a tongue groove
each provided with protrusions and cavities wherein
the method comprises the steps of:

• Bringing a new and a second panel into a posi-
tion were upper parts of their short edges are in

contact, in which position the new and a second
panels are in the same plane and in a second
row with the long edges offset and with the short
edges unlocked vertically and preferably locked
horizontally.

• Displacing one of the panels along the short edg-
es until the long edges are aligned and some of
the protrusions at one of the short edges verti-
cally overlaps some of the protrusions at the oth-
er of the short edges to lock the short edges
vertically and horizontally.

• Bringing the aligned long edges into contact with
a long edge of a first panel in a first row

• Angling down the second and the new panel
along the aligned long edges to lock the long
edges of the first, the second and new panel
vertically and horizontally.

24. The method as described in item 23 wherein the
second and new panels are in an angled position in
relation to the first panel in the position when the
short edges are in contact.

25. The method as described in item 24 wherein the
upper parts of the long edges of the first and second
and panels are in contact in the position when the
short edges are in contact.

26. The method as described in item 25 wherein the
method comprises the step of bringing the upper
parts of the short edges into contact by an essentially
vertical motion.

27. The method as described in item 26 wherein the
method comprises the step of locking the short edg-
es horizontally by the vertical motion.

28. A method to install floor panels with a mechanical
angling locking system at long edges 5a, 5b and a
mechanical locking system at short edges compris-
ing a tongue groove 40 and a displaceable tongue
10,30 whereby the said tongue and tongue groove
each comprises protrusions 31a,31b and cavities
33a, 33b configured such that adjacent short edges
can obtain a vertically unlocked position where the
protrusions of one of the adjacent short edges match
the cavities of the other adjacent short edge and a
vertically locked position where some of the protru-
sions of respectively adjacent short edges vertically
overlap each other wherein the method comprises
the step of:

• connecting long edges of a second 1 and a new
panel 1’ in a second row R2 to a long edge of a
first panel 1" in a first row R1 with angling
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• positioning the second and the new panel in es-
sentially the same plane and with their adjacent
short edges 4a, 4b in contact

• displacing the displaceable tongue 30 along the
adjacent short edges to a position where some
of the protrusions, of respectively adjacent short
edge, overlap each other to lock the adjacent
short edges vertically.

29. A method to install floor panels with a mechanical
locking system at long edges comprising protrusions
31a, 31b and cavities 33a, 33b and a mechanical
locking system at short edges comprising a displace-
able locking element allowing horizontal snapping of
short edges whereby said long edges can obtain a
vertically and/or horizontally unlocked position
where the protrusions of one long edge match the
cavities in another adjacent long edge and a verti-
cally and/or horizontally locked position where some
of the protrusions, of respectively long edge, overlap
each other vertically and/or horizontally wherein the
method comprises the steps of:

• locking, at least partially vertically and horizon-
tally, the long edge of a first 1" panel in a first
row R1 to a long edge of a second panel 1 in a
second row R2

• connecting the long edge of a new 1’ panel in
the second row R2 to the first panel 1" in the first
row R1 by bringing the upper parts of the adja-
cent long edges in contact

• displacing the new panel along the long edge of
the first panel to a position where some of the
protrusions of the new and the first panel overlap
each other and until a short edge of the new
panel snaps into an adjacent short edge of the
second panel

30. A method to produce protrusions 31a, 31b and
cavities 33a, 33b located after each other along an
edge of a floor panel with a rotating tool 72, 73 having
an axis of rotation AR wherein the method comprises
the step of:

a Bringing an edge of the floor panel in contact
with the tool.

b Displacing the edge of the panel in relation to
the tool essentially parallel with the axis of rota-
tion.

31. A method as described in item 30 wherein the
tool is a screw shaped cutter 72.

32. A method of uninstalling floor panels 1,1’ with

long and short edges provided with a locking system
on the short edges comprising a displaceable tongue
30 at one edge of a first floor panel 1 and a tongue
groove 20 in an adjacent edge of a similar second
floor panel 1’ for connecting the short edges vertically
D1, the tongue and the groove each comprises pro-
trusions 31a, 31b and cavities 33a, 33b configured
such that the short edges can obtain a vertically un-
locked position where the protrusions of on of the
adjacent short edges match the cavities in the other
of adjacent short edges and a vertically locked po-
sition where some of the protrusions, of respectively
adjacent short edges, overlap each other vertically
wherein the method comprises the steps of:

• applying a pressure force P at an edge 32 of the
displaceable tongue in vertically locked position

• displacing the displaceable tongue to obtain the
vertically unlocked position

• separating the short edges from each other by
angling upward one of the panels along its long
edge.

33. A method to connect a displaceable tongue 30
to a displacement groove 40 in a panel edge whereby
the displaceable tongue is a part of a tongue blank
TB comprising several displaceable tongues 30
wherein the method comprises the steps of:

• separating the displaceable tongue 30 from the
tongue blank TB.

• connecting the displaceable tongue 30 into the
displacement groove 40 of a panel edge by in-
serting the displaceable tongue sideways along
the edge.

34. A method as described in item 33 wherein the
tongue blank TB is positioned essentially perpendic-
ularly to the main plane of the panel.

35. A tongue blank TB comprising several displace-
able tongues 30 adapted to be inserted to an edge
of a floor panel 30 wherein the displaceable tongues
are arranged in several rows with at least two
tongues in each row.

36. An equipment to produce a locking system com-
prising a separate part 30 inserted into an edge of a
panel, the equipment comprises a double-end ten-
oner with several cutting tools, an inserting device
59 with a pusher 46 adapted to insert the separate
part into the panel edge, a transportation device
adapted to displace a panel relative the cutting tools
and the inserting device, and a control system 65
wherein the inserting device is integrated with the
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double end tenoner as one production unit and that
the pusher and the transportation device are con-
nected to the same control system that controls the
transportation device and the pusher.

Claims

1. A method to produce protrusions (31a, 31b) and cav-
ities (33a, 33b) located after each other along an
edge of a building panel with a rotating tool (72, 73)
having an axis of rotation (AR) wherein the method
comprises the step of:

a) bringing an edge of the building panel in con-
tact with the tool.
b) displacing the edge of the panel in relation to
the tool essentially parallel with the axis of rota-
tion.

2. The method as claimed in claim 1, wherein the pro-
trusions and cavities are parts of a locking system
for a building panel.

3. The method as claimed in claim 1 or 2, wherein the
tool is a screw shaped cutter (72).

4. The method as claimed in claim 1 or 2, wherein the
tool is a large rotating tool with cutting teethes located
on only a limited section of the outer tool part.

5. The method as claimed in any one of the preceding,
wherein the method is controlled by a control system
that is integrated with a main control system (65) of
a double-end tenoner.

6. The method as claimed in claim 5, wherein the pro-
trusions and cavities are formed in connection with
a profile cutting of the edge in the double-end ten-
oner.

7. The method as claimed in any one of the preceding
claims, wherein the rotation of the tool is adjusted to
the edge of the building which is moved towards the
tool.

8. The method as claimed in any one of the preceding
claims, wherein the building panel is a floor panel.
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